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Figure 8D
HIF-10. Knockdown - Human (Hel.a) Cells — Phase 4, Guide-Passenger Modified Duplexes

vs NC1, NC5, NC7
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Figure 8E

HIF-10 Knockdown - Mouse (Hepa 1-8) Cells — Phase 4, Guide-Passenger Modified Duplexes

vs NC1, NC5, NC7

Normalized to HPRT and RPL23
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Figure 8F
HIF-1a Knockdown - Mouse (Hepa 1-8) Cells — Phase 4, Guide-Passenger Modified Duplexes
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Figure 8G

HIF-10. Knockdown - Mouse (Hepa 1-6) Cells — Phase 4, Guide-Passenger Modified Duplexes
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Figure 8H
HIF-1a Knockdown - Mouse (Hepa 1-6) Cells — Phase 4, Guide-Passenger Modified Duplexes

vs NC1, NC5, NC7
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METHODS AND COMPOSITIONS FOR THE
SPECIFIC INHIBITION OF HIF-1o. BY
DOUBLE-STRANDED RNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The application is a continuation application of PCT/
US2012/022045, filed Jan. 20, 2012, which claims priority to,
and the benefit under 35 U.S.C. §119(e) of, U.S. provisional
patent application No. 61/435,304, filed Jan. 22, 2011,
entitled “Methods and Compositions for the Specific Inhibi-
tion of HIF-1a by Double-Stranded RNA”. The entire teach-
ings of this application are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to compounds, compositions,
and methods for the study, diagnosis, and treatment of traits,
diseases and conditions that respond to the modulation of
HIF-1a gene expression and/or activity.

BACKGROUND OF THE INVENTION

Most locally advanced solid tumors contain regions of
reduced oxygen availability (Vaupel and Mayer, Cancer
Metastasis Rev. 26: 225-339; Semenza G L, Drug Discovery
Today 12: 853-859). Intratumoral hypoxia results when cells
are located too far from a functional blood vessel for diffusion
of adequate amounts of oxygen (O,), as a result of rapid
cancer cell proliferation and the formation of blood vessels
that are structurally and functionally abnormal. In the most
extreme case, O, concentrations are below those required for
survival, resulting in cell death and establishing a selection
for cancer cells in which apoptotic pathways are inactivated,
anti-apoptotic pathways are activated, or invasion/metastasis
pathways that promote escape from the hypoxic microenvi-
ronment are activated. This hypoxic adaptation may arise by
alterations in gene expression or by mutations in the genome
or both and is associated with decreased patient survival
(Ibid.).

In addition to this intratumoral role for hypoxia, systemic,
local, and intracellular homeostatic responses elicited by
hypoxia include erythropoiesis by individuals who are ane-
mic or at high altitude (Jelkmann (1992) Physiol. Rev.
72:449-489), neovascularization in ischemic myocardium
(White et al. (1992) Circ. Res. 71:1490-1500), and glycolysis
in cells cultured at reduced oxygen tension (Wolfle et al.
(1983) FEur J. Biochem. 135:405-412). These adaptive
responses either increase oxygen delivery or activate alternate
metabolic pathways that do not require oxygen. Hypoxia-
inducible gene products that participate in these responses
include erythropoietin (EPO) (reviewed in Semenza (1994)
Hematol. Oncol. Clinics N. Amer. 8:863-884), vascular
endothelial growth factor (Shweiki et al. (1992) Nature 359:
843-845; Banai etal. (1994) Cardiovasc. Res. 28:1176-1179;
Goldberg & Schneider (1994) J. Biol. Chern. 269:4355-
4359), and glycolytic enzymes (Firth et al. (1994) Proc. Natl.
Acad. Sci. USA 91:6496-6500; Semenza et al. (1994) J. Biol.
Chern. 269: 23757-23763; Semenza U.S. Pat. No. 5,882,
914).

Investigation of the molecular regulation of hypoxia and
the EPO gene, which encodes a growth factor that regulates
erythropoiesis and thus blood oxygen carrying capacity (Jelk-
mann (1992) supra; Semenza (1994) supra), resulted in iden-
tification of cis-acting DNA sequences in the EPO 3'-flanking
region required for transcriptional activation in response to
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hypoxia. HIF-1 (hypoxia inducible factor 1) was identified as
a trans-acting factor that binds to this enhancer. Previously
known inducers of EPO expression (1% oxygen, cobalt chlo-
ride (CoCl,) and desferrioxamine (DFX or, alternatively,
DFO herein)) also induced HIF-1 DNA binding activity with
similar kinetics; inhibitors of EPO expression (actinomycin
D, cycloheximide, and 2-aminopurine) blocked induction of
HIF-1 activity; and mutations in the EPO 3'-flanking region
that eliminated HIF-1 binding also eliminated enhancer func-
tion (Semenza (1994) supra).

HIF-1 is a dimer composed of HIF-1c. and HIF-1 sub-
units. HIF-1a is a basic helix-loop-helix (bHLH) transcrip-
tion factor encoded by the HIF1A gene (Semenza et al.,
Genomics 34: 437-9; Hogenesch et al., J. Biol. Chem. 272:
8581-93). While the HIF-1p subunit is constitutively
expressed, the HIF-1a subunit is the limiting member of the
heterodimer and therefore regulates HIF-1 levels. Under con-
ditions of normal oxygen, HIF-1a is ubiquinated and rapidly
degraded. However, under hypoxic conditions the rate of
ubiquitination dramatically decreases and HIF-1a. is stabi-
lized, resulting in upregulation of HIF-1 dimer. This is an
important point and provides a rationale for targeting HIF-1a
instead of HIF-1f for modulating HIF-1 activity (Akincetal.,
U.S. Pat. No. 7,737,265).

Notably, HIF-1a overexpression has been associated with
increased patient mortality in a variety of cancers (Semenza G
L, Drug Discovery Today 12: 853-859), and arole for HIF-1a
has also been described, e.g., for both “wet” and “dry” forms
of age-related macular degeneration (AMD; see Akinc et al.,
supra).

Double-stranded RNA (dsRNA) agents possessing strand
lengths of 25 to 35 nucleotides have been described as effec-
tive inhibitors of target gene expression in mammalian cells
(Rossi et al., U.S. Patent Application Nos. 2005/0244858 and
US 2005/0277610). dsRNA agents of such length are
believed to be processed by the Dicer enzyme of the RNA
interference (RNAi) pathway, leading such agents to be
termed “Dicer substrate siRNA” (“DsiRNA”) agents. Addi-
tional modified structures of DsiRNA agents were previously
described (Rossi et al., U.S. Patent Application No. 2007/
0265220).

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to compositions that con-
tain double stranded RNA (“dsRNA”), and methods for pre-
paring them. The dsRNAs of the invention are capable of
reducing the expression of a target HIF-1a gene in a cell,
either in vitro or in a mammalian subject.

In one aspect, the invention provides an isolated double
stranded nucleic acid (dsNA) having first and second nucleic
acid strands including RNA, where the first strand is 15-35
nucleotides in length and the second strand of the dsNA is
19-35 nucleotides in length, and where the second oligo-
nucleotide strand is sufficiently complementary to a target
HIF-1a. mRNA sequence of Table 12 along at least 15 nucle-
otides of the second oligonucleotide strand length to reduce
HIF-1a target mRNA expression when the double stranded
nucleic acid is introduced into a mammalian cell.

In another aspect, the invention provides an isolated dsNA
having first and second nucleic acid strands, where the first
strand is 15-35 nucleotides in length and the second strand of
the dsNA is 19-35 nucleotides in length, where the second
oligonucleotide strand is sufficiently complementary to a tar-
get HIF-1ao mRNA sequence of Table 11 along at least 19
nucleotides of the second oligonucleotide strand length to
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reduce HIF-1a target mRNA expression when the double
stranded nucleic acid is introduced into a mammalian cell.

In an additional aspect, the invention provides an isolated
dsNA having first and second nucleic acid strands, where the
first strand is 15-35 nucleotides in length and the second
strand of the dsNA is 19-35 nucleotides in length, where the
second oligonucleotide strand is sufficiently complementary
to a target HIF-1a mRNA sequence of Table 10 along at least
19 nucleotides of the second oligonucleotide strand length to
reduce HIF-1a target mRNA expression, and where, starting
from the 5' end of the HIF-1ao mRNA sequence of Table 10
(position 1), mammalian Ago2 cleaves the mRNA at a site
between positions 9 and 10 of the sequence, when the double
stranded nucleic acid is introduced into a mammalian cell.

In a further aspect, the invention provides an isolated dsNA
consisting of (1) a sense region and an antisense region, where
the sense region and the antisense region together form a
duplex region 0f25-35 base pairs and the antisense region has
a sequence that is the complement of a sequence of Table 10;
and (2) from zero to two 3' overhang regions, where each
overhang region is six or fewer nucleotides in length.

In another aspect, the invention provides an isolated dsNA
having first and second nucleic acid strands and a duplex
region of at least 25 base pairs, where the first strand is 25-34
nucleotides in length and the second strand of the dsNA is
26-35 nucleotides in length and has 1-5 single-stranded
nucleotides at its 3' terminus, where the second oligonucle-
otide strand is sufficiently complementary to a target HIF-1a
mRNA sequence of Table 5 along at least 19 nucleotides of
the second oligonucleotide strand length to reduce HIF-1a
target gene expression when the double stranded nucleic acid
is introduced into a mammalian cell.

In an additional aspect, the invention provides an isolated
dsNA having first and second nucleic acid strands and a
duplex region of at least 25 base pairs, where the first strand
is 25-34 nucleotides in length and the second strand of the
dsNA is 26-35 nucleotides in length and includes 1-5 single-
stranded nucleotides at its 3' terminus, where the 3' terminus
of the first oligonucleotide strand and the 5' terminus of the
second oligonucleotide strand form a blunt end, and the sec-
ond oligonucleotide strand is sufficiently complementary to a
target HIF-1a sequence of SEQ ID NOs: 757-1134, 1630-
2007 or 3144-4191 along at least 19 nucleotides of the second
oligonucleotide strand length to reduce HIF-lao mRNA
expression when the double stranded nucleic acid is intro-
duced into a mammalian cell.

In one embodiment, the isolated dsNA has a duplex region
of at least 25 base pairs.

In another embodiment, the isolated dsNA has a duplex
region of 19-21 base pairs.

In another embodiment, the isolated dsNA has a duplex
region of 21-25 base pairs.

In another embodiment, the second oligonucleotide strand
presents 1-5 single-stranded nucleotides at its 3' terminus.

In one embodiment, the first strand is 25-35 nucleotides in
length. Optionally, the second strand is 25-35 nucleotides in
length.

The invention also provides for an isolated dsNA wherein
the first strand is 26-35 nucleotides in length, 27-35 nucle-
otides in length, 28-35 nucleotides in length, 29-35 nucle-
otides in length, 30-35 nucleotides in length, 31-35 nucle-
otides in length, 33-35 nucleotides in length, 34-35
nucleotides in length, 17-35 nucleotides in length, 19-35
nucleotides in length, 21-35 nucleotides in length, 23-35
nucleotides in length, 17-33 nucleotides in length, 17-31
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nucleotides in length, 17-29 nucleotides in length, 17-27
nucleotides in length, 21-35 nucleotides in length or 19-33
nucleotides in length.

The invention also provides for an isolated dsNA wherein
the second strand is 26-35 nucleotides in length, 27-35 nucle-
otides in length, 28-35 nucleotides in length, 29-35 nucle-
otides in length, 30-35 nucleotides in length, 31-35 nucle-
otides in length, 33-35 nucleotides in length, 34-35
nucleotides in length, 21-35 nucleotides in length, 23-35
nucleotides in length, 25-35 nucleotides in length, 27-35
nucleotides in length, 19-33 nucleotides in length, 19-31
nucleotides in length, 19-29 nucleotides in length, 19-27
nucleotides in length or 19-25 nucleotides in length.

In another embodiment, the second oligonucleotide strand
is complementary to a target HIF-lao ¢cDNA sequence of
GenBank Accession Nos. NM__001530.3 or NM__181054.2
along at most 27 nucleotides of the second oligonucleotide
strand length.

In a further embodiment, starting from the first nucleotide
(position 1) at the 3' terminus of the first oligonucleotide
strand of the dsNA, position 1, 2 and/or 3 is substituted with
a modified nucleotide.

In another embodiment, the 3' terminus of the first strand
and the 5' terminus of the second strand form a blunt end.

Optionally, the first strand is 25 nucleotides in length and
the second strand is 27 nucleotides in length.

In another embodiment, starting from the 5' end of a HIF-
lao mRNA sequence of Table 10 (position 1), mammalian
Ago2 cleaves the HIF-1ao mRNA at a site between positions
9 and 10 of the sequence, thereby reducing HIF-1a target
mRNA expression when the double stranded nucleic acid is
introduced into a mammalian cell.

In a related embodiment, starting from the 5' end of a
HIF-1a. mRNA sequence of SEQ ID NOs: 757-1134, mam-
malian Ago2 cleaves the mRNA at a site between positions 9
and 10 of the cDNA sequence, thereby reducing HIF-1la
target mRNA expression when the double stranded nucleic
acid is introduced into a mammalian cell.

In another embodiment, the second strand includes a
sequence of SEQ ID NOs: 379-756. Optionally, the first
strand includes a sequence of SEQ ID NOs: 1-378.

In a further embodiment, the isolated dsNA includes a pair
of first strand/second strand sequences shown in Table 2.

In one embodiment, each of the first and the second strands
is at least 26 nucleotides long.

The invention also provides for an isolated dsNA, wherein
each of said first and said second strands has a length which is
at least 27 nucleotides, at least 28 nucleotides, at least 29
nucleotides, at least 30 nucleotides, at least 31 nucleotides, at
least 32 nucleotides, at least 33 nucleotides, at least 34 nucle-
otides or at least 35 nucleotides.

In one embodiment, the dsNA includes a modified nucle-
otide. Optionally, the modified nucleotide residue is 2'-O-
methyl, 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-O-[2-(me-
thylamino)-2-oxoethyl], 4'-thio, 4'-CH2-O-2'-bridge, 4'-
(CH2),-O-2"-bridge, 2'-LNA, 2-amino or 2'-O—(N-
methlycarbamate)

In another embodiment, the modified nucleotide residue of
the 3' terminus of the first strand is a deoxyribonucleotide, an
acyclonucleotide or a fluorescent molecule. Optionally, posi-
tion 1 of the 3' terminus of the first oligonucleotide strand is a
deoxyribonucleotide.

In another embodiment, the nucleotides of the 1-5 single-
stranded nucleotides of the 3' terminus of the second strand
include a modified nucleotide. Optionally, the modified
nucleotide is a 2'-O-methyl ribonucleotide.
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In one embodiment, all nucleotides of the 1-5 single-
stranded nucleotides of the 3' terminus of the second strand
are modified nucleotides.

In another embodiment, the 1-5 single-stranded nucle-
otides of the 3' terminus of the second strand are 1-3 nucle-
otides in length, optionally, 1-2 nucleotides in length.

In one embodiment, the 1-5 single-stranded nucleotides of
the 3' terminus of the second strand is two nucleotides in
length and includes a 2'-O-methyl modified ribonucleotide.

Optionally, the second oligonucleotide strand includes a
modification pattern of AS-M1 to AS-M40 or AS-M1* to
AS-M40*. In a related embodiment, the first oligonucleotide
strand includes a modification pattern of SM1 to SM16.

In one embodiment, each of the first and the second strands
has a length which is at least 26 and at most 30 nucleotides.

The invention also provides for an isolated dsNA, wherein
each of the first and the second strands has a length which is
at least 27 and at most 30 nucleotides, at least 28 and at most
30 nucleotides and at least 29 and at most 30 nucleotides.

In another embodiment, the dsNA is cleaved endogenously
in a cell by Dicer.

In a further embodiment, the amount of the isolated double
stranded nucleic acid sufficient to reduce expression of the
target gene is 1 nanomolar or less, 200 picomolar or less, 100
picomolar or less, S0 picomolar or less, 20 picomolar or less,
10 picomolar or less, 5 picomolar or less, 2, picomolar or less
or 1 picomolar or less in the environment of the cell.

In another embodiment, the isolated dsNA possesses
greater potency than an isolated 2 1mer siRNA directed to the
identical at least 19 nucleotides of the target HIF-1ao mRNA
in reducing target HIF-1a. mRNA expression when assayed in
vitro in a mammalian cell at an effective concentration in the
environment of the cell of 1 nanomolar or less.

In a further embodiment, the isolated dsNA is sufficiently
complementary to the target HIF-1loo mRNA sequence to
reduce HIF-1a target mRNA expression by an amount (ex-
pressed by %) of at least 10%, at least 50%, at least 80-90%,
at least 95%, at least 98%, or at least 99% when the double
stranded nucleic acid is introduced into a mammalian cell.

The invention provides for an isolated dsNA that is suffi-
ciently complementary to a target HIF-1ao mRNA sequence
alongatleast 15,16, 17, 18,19, 20, 21,22, 23, 24, 25 or more
nucleotides of the second oligonucleotide strand length to
reduce HIF-1a target mRNA expression when the dsNA is
introduced into a mammalian cell.

In one embodiment, the first and second strands are joined
by a chemical linker.

In another embodiment, the 3' terminus of the first strand
and the 5' terminus of the second strand are joined by a
chemical linker.

Optionally, a nucleotide of the second or first strand is
substituted with a modified nucleotide that directs the orien-
tation of Dicer cleavage.

In one embodiment, the dsNA has a modified nucleotide
that is a deoxyribonucleotide, a dideoxyribonucleotide, an
acyclonucleotide, a 3'-deoxyadenosine (cordycepin), a
3'-azido-3'-deoxythymidine (AZT), a 2',3'-dideoxyinosine
(ddI), a 2'.3'-dideoxy-3'-thiacytidine (3TC), a 2',3'-didehy-
dro-2',3'-dideoxythymidine (d4T), a monophosphate nucle-
otide of 3'-azido-3'-deoxythymidine (AZT), a 2',3'-dideoxy-
3'-thiacytidine (3TC) and a monophosphate nucleotide of
2'3'-didehydro-2',3'-dideoxythymidine (d4T), a 4-thiouracil,
a 5-bromouracil, a 5-iodouracil, a 5-(3-aminoallyl)-uracil, a
2'-0-alkyl ribonucleotide, a 2'-O-methyl ribonucleotide, a
2'-amino ribonucleotide, a 2'-fluoro ribonucleotide, or a
locked nucleic acid.
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In another embodiment, the dsNA has a phosphate back-
bone modification that is a phosphonate, a phosphorothioate
or a phosphotriester.

In a further embodiment, the isolated double stranded
nucleic acid includes a morpholino nucleic acid or a peptide
nucleic acid (PNA).

Another aspect of the invention provides a method for
reducing expression of a target HIF-1c gene in a mammalian
cell that involves contacting amammalian cell in vitro with an
isolated dsNA of the invention in an amount sufficient to
reduce expression of a target HIF-1c. mRNA in the cell.

In one embodiment, target HIF-1oo. mRNA expression is
reduced by at least 10%, at least 50% or at least 80-90%.
Optionally, HIF-1c mRNA levels are reduced by at least 90%
at least 8 days after the cell is contacted with the dsNA. In
certain embodiments, HIF-1ao.mRNA levels are reduced by at
least 70% at least 10 days after the cell is contacted with the
dsNA.

In another aspect, the invention provides a method for
reducing expression of a target HIF-1oo mRNA in a mammal
that includes administering an isolated dsNA of the invention
to a mammal in an amount sufficient to reduce expression of
a target HIF-1ao mRNA in the mammal.

In one embodiment, the isolated dsNA is administered at 1
microgram to 5 milligrams per kilogram of the mammal per
day, 100 micrograms to 0.5 milligrams per kilogram, 0.001 to
0.25 milligrams per kilogram, 0.01 to 20 micrograms per
kilogram, 0.01 to 10 micrograms per kilogram, 0.10 to 5
micrograms per kilogram, or 0.1 to 2.5 micrograms per kilo-
gram.

In another embodiment, the isolated dsNA possesses
greater potency than isolated 21mer siRNAs directed to the
identical at least 19 nucleotides of the target HIF-1ao mRNA
in reducing target HIF-1c. mRNA expression when assayed in
vitro in a mammalian cell at an effective concentration in the
environment of a cell of 1 nanomolar or less.

In one embodiment, HIF-1a mRNA levels are reduced in a
tissue of the mammal by an amount (expressed by %) of at
least 70% at least 4 days after the isolated dsNA is adminis-
tered to the mammal. In a related embodiment, the tissue is
liver tissue.

Optionally, the administering step involves intravenous
injection, intramuscular injection, intraperitoneal injection,
infusion, subcutaneous injection, transdermal, acrosol, rectal,
vaginal, topical, oral or inhaled delivery.

Another aspect of the invention provides a method for
selectively inhibiting the growth of a cell involving contact-
ing a cell with an amount of an isolated dsNA ofthe invention
sufficient to inhibit the growth of the cell.

In one embodiment, the cell is a tumor cell of a subject. In
another embodiment, the cell is a tumor cell in vitro.

Optionally, the cell is a human cell.

A further aspect of the invention provides a formulation
that includes the isolated dsNA of the invention present in an
amount effective to reduce target HIF-1c. mRNA levels when
the dsNA is introduced into a mammalian cell in vitro by at
least 10%, at least 50% or at least 80-90%.

In one embodiment, the effective amount is 1 nanomolar or
less, 200 picomolar or less, 100 picomolar or less, 50 pico-
molar or less, 20 picomolar or less, 10 picomolar or less, 5
picomolar or less, 2, picomolar or less or 1 picomolar or less
in the environment of the cell.

Another aspect of the invention provides a formulation
having an isolated dsNA of the invention, where the dsNA is
present in an amount effective to reduce target HIF-1a
mRNA levels when the dsNA is introduced into a cell of a
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mammalian subject by an amount (expressed by %) of at least
10%, at least 50% or at least 80-90%.

In one embodiment, the effective amount is a dosage of 1
microgram to 5 milligrams per kilogram of the subject per
day, 100 micrograms to 0.5 milligrams per kilogram, 0.001 to
0.25 milligrams per kilogram, 0.01 to 20 micrograms per
kilogram, 0.01 to 10 micrograms per kilogram, 0.10 to 5
micrograms per kilogram, or 0.1 to 2.5 micrograms per kilo-
gram.

In another embodiment, the dsNA possesses greater
potency than an isolated 21mer siRNA directed to the iden-
tical at least 19 nucleotides of the target HIF-1oo mRNA in
reducing target HIF-1o. mRNA levels when assayed in vitro
in a mammalian cell at an effective concentration in the envi-
ronment of a cell of 1 nanomolar or less.

A further aspect of the invention provides a mammalian
cell containing an isolated dsNA of the invention.

An additional aspect of the invention provides a pharma-
ceutical composition having an isolated dsNA of the inven-
tion and a pharmaceutically acceptable carrier.

Another aspect of the invention provides a kit that includes
an isolated dsNA of the invention and instructions for its use.

In an additional aspect, the invention provides a method for
treating or preventing a HIF-1a-associated disease or disor-
der in a subject involving administering an isolated dsNA of
the invention and a pharmaceutically acceptable carrier to the
subject in an amount sufficient to treat or prevent the HIF-1a-
associated disease or disorder in the subject, thereby treating
or preventing the HIF-1a-associated disease or disorder in
the subject.

Optionally, the HIF-1a-associated disease or disorder is
renal, breast, lung, ovarian, cervical, esophageal, oropharyn-
geal or pancreatic cancer.

A further aspect of the invention provides a composition
possessing HIF-1a inhibitory activity that consists essen-
tially of an isolated dsNA of the invention.

In one aspect, the invention provides an isolated double
stranded ribonucleic acid (dsRNA) comprising first and sec-
ond nucleic acid strands, wherein the first strand is 25-35
nucleotides in length and the second strand is 26-35 nucle-
otides in length, wherein the second oligonucleotide strand is
sufficiently complementary to a target HIF-lao c¢DNA
sequence of SEQ ID NOs: 757-1134, 1630-2007 and/or
3144-4191 along at least 19 nucleotides of the second oligo-
nucleotide strand length to reduce HIF-1a target gene expres-
sion when the double stranded nucleic acid is introduced into
a mammalian cell.

The present invention is also directed to compounds, com-
positions, and methods relating to traits, diseases and condi-
tions that respond to the modulation of expression and/or
activity of genes involved in HIF-1a gene expression path-
ways or other cellular processes that mediate the maintenance
or development of such traits, diseases and conditions. In
certain aspects, the invention relates to small nucleic acid
molecules that are capable of being processed by the Dicer
enzyme, such as Dicer substrate siRNAs (DsiRNAs) capable
of mediating RNA interference (RNAi) against HIF-1a gene
expression. The anti-HIF-1a dsRNAs of the invention are
useful, for example, in providing compositions for treatment
of traits, diseases and conditions that can respond to modu-
lation of HIF-1a in a subject, such as cancer and/or other
proliferative diseases, disorders, or conditions. Efficacy,
potency, toxicity and other effects of an anti-HIF-1c. dsSRNA
can be examined in one or more animal models of prolifera-
tive disease (exemplary animal models of proliferative dis-
ease are recited below).
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8
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structures of exemplary DsiRNA agents
of'the invention targeting a site in the HIF-1a RNA referred to
herein as the “HIF-1a-1385" target site. UPPER
case=unmodified RNA, lower case=DNA, Bold=mismatch
base pair nucleotides; arrowheads indicate projected Dicer
enzyme cleavage sites; dashed line indicates sense strand (top
strand) sequences corresponding to the projected Argonaute 2
(Ago2) cleavage site within the targeted HIF-1a sequence.

FIGS. 2A to 2D present primary screen data showing
DsiRNA-mediated knockdown of human HIF-1a (FIGS. 2A
and 2B) and mouse HIF-1a (FIGS. 2C and 2D) in human and
mouse cells, respectively. For each DsiRNA tested, two inde-
pendent qPCR amplicons were assayed (in human cells,
amplicons “815-1008" and “2690-2866” were assayed, while
in mouse cells, amplicons “1055-1223” and “2463-2593”
were assayed). The boxed region of FIG. 2D indicates a series
of assays known to have been affected by sub-optimal trans-
fection conditions.

FIGS. 3A to 3F show histograms of human and mouse
HIF-1a inhibitory efficacies observed for indicated DsiR-
NAs. “P1” indicates phase 1 (primary screen), while “P2”
indicates phase 2. In phase 1, DsiRNAs were tested at 1 nM in
the environment of HelLa cells (human cell assays; FIGS. 3A
to 3C) or mouse cells (Hepal-6 cell assays; FIGS. 3D to 3F).
Inphase 2, DsiRNAs were tested at 1 nM, at 0.3 nM and at 0.1
nM in the environment of HeLa cells. Individual bars repre-
sent average human (FIGS. 3A to 3C) or mouse (FIGS. 3D to
3F) HIF-1a levels observed in triplicate, with standard errors
shown. Human HIF-1a levels were normalized to HPRT and
SFRS9 levels, while mouse HIF-1a.levels were normalized to
HPRT and Rpl23 levels.

FIGS. 4A to 4X present bar graphs showing efficacy data
for four different 2'-O-methyl modification patterns (“M8”,
“M4”, “M3” and “M1”, respectively) each across 24 HIF-1a.-
targeting DsiRNAs in human Hel a cells at 0.1 nM, 0.3 nM
and 1 nM.

FIG. 5 shows that delivery of a HIF-1a-targeting DsiRNA
(HIF-10-1385, possessing 2'-O-methyl modification pattern
“M4”) to human Hel.a cells effectively and dramatically
reduced HIF-1a protein levels. DsiRNA transfection of HeLLa
cells occurred on day 0, with desferrioxamine (DFO) added to
indicated Hel a cells on day 1 to induce HIF-1a. expression.
On day 2, Hela cells were harvested and nuclear proteins
were isolated for Western blot analysis. The Western blot of
FIG. 5 was probed with anti-HIF-1a antibody (top panel),
with Lamin A/C protein levels (bottom panel, resulting from
probing the Western blot with anti-Lamin A/C antibody)
shown for purpose of comparison to HIF-1a protein levels.
“Control DsiRNA 114” indicates a non-specific, scrambled
control DsiRNA.

FIG. 6 shows HIF-la inhibitory dose-response curves
obtained for seven distinct HIF-1a-targeting DsiRNAs (two
different modified forms of HIF-1c.-1385 DsiRNAs were
examined, in addition to single modified forms of each of six
other DsiRNAs). IC,, values observed for each DsiRNA were
calculated for each dose-response curve and ranged from 1.41
pM (HIF-10-4012, possessing 2'-O-methyl modification pat-
tern “M1”) to 42.1 pM (HIF-1a-1385, possessing 2'-O-me-
thyl modification pattern “M4>).

FIG. 7 demonstrates that a majority of assayed 25/27mer
DsiRNAs were superior inhibitors of HIF-1a than corre-
sponding 2lmer siRNAs targeting the same HIF-1la
sequence. Data were obtained via pairwise comparison of a
set of forty HIF-1a-targeting 25/27mer DsiRNAs with cor-
responding 21mer siRNAs directed against the same 21
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nucleotide HIF-1a target site. All agents (both 25/27mer
DsiRNAs and 21mer siRNAs) were assayed at 0.1 nM con-
centration in the environment of HeLa cells in vitro. For 24 of
the 40 tested anti-HIF-1c 25/27mer DsiRNA agents, statisti-
cally significant DsiRNA superiority was observed, as com-
pared to only four of forty siRNA agents that outperformed
DsiRNA agents.

FIGS. 8A to 8H show HIF-1a inhibitory activities of HIF-
la-targeting DsiRNAs possessing 2'-O-methyl modification
patterns of both guide and passenger strands, when adminis-
tered to human Hel a cells (FIGS. 8A to 8D) or mouse Hepa
1-6 cells (FIGS. 8E to 8H) at 1 nM or 0.1 nM concentrations.

FIG. 9 shows that eight distinct HIF-1a-targeting DsiR-
NAs possessing modified guide strands were robustly effec-
tive inhibitors of HIF-1a levels in vivo, when formulated and
delivered to CD1 mice. Levels of HIF-1ao mRNA in normal
liver at three days post-administration were assayed and are
shown.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compositions that con-
tain double stranded RNA (“dsRNA”), and methods for pre-
paring them, that are capable of reducing the level and/or
expression of the HIF-1a gene in vivo or in vitro. One of the
strands of the dsRNA contains a region of nucleotide
sequence that has a length that ranges from 19 to 35 nucle-
otides that can direct the destruction and/or translational inhi-
bition of the targeted HIF-1a transcript.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms
used herein have the meaning commonly understood by a
person skilled in the art to which this invention belongs. The
following references provide one of skill with a general defi-
nition of many of the terms used in this invention: Singleton
et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and
Technology (Walker ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and
Hale & Marham, The Harper Collins Dictionary of Biology
(1991). As used herein, the following terms have the mean-
ings ascribed to them below, unless specified otherwise.

The present invention features one or more DsiRNA mol-
ecules that can modulate (e.g., inhibit) HIF-1a expression.
The DsiRNAs of the invention optionally can be used in
combination with modulators of other genes and/or gene
products associated with the maintenance or development of
diseases or disorders associated with HIF-1c misregulation
(e.g., tumor formation and/or growth, etc.). The DsiRNA
agents of the invention modulate HIF-1c RNAs such as those
corresponding to the cDNA sequences referred to by Gen-
Bank Accession Nos. NM_ 001530.3 (human HIF-1q, tran-
script variant 1), NM__181054.2 (human HIF-1a, transcript
variant 2) and NM_ 010431.2 (mouse HIF-1a), which are
recited below and referred to herein generally as “HIF-1a.”

The below description of the various aspects and embodi-
ments of the invention is provided with reference to exem-
plary HIF-1a RNAs, generally referred to herein as HIF-1a.
However, such reference is meant to be exemplary only and
the various aspects and embodiments of the invention are also
directed to alternate HIF-1a. RNAs, such as mutant HIF-1c.
RNAs or additional HIF-1a splice variants. Certain aspects
and embodiments are also directed to other genes involved in
HIF-1a pathways, including genes whose misregulation acts
in association with that of HIF-1a (or is affected or affects

20

30

40

45

10

HIF-1a regulation) to produce phenotypic effects that may be
targeted for treatment (e.g., tumor formation and/or growth,
etc.). (The EGFR pathway and angiogenesis are examples of
pathways for which misregulation of genes acts in association
with that of HIF-1a). Such additional genes can be targeted
using dsRNA and the methods described herein for use of
HIF-1a targeting dsRNAs. Thus, the inhibition and the
effects of such inhibition of the other genes can be performed
as described herein.

Theterm “HIF-1a” refers to nucleic acid sequences encod-
ing a HIF-1a protein, peptide, or polypeptide (e.g., HIF-1a
transcripts, such as the sequences of HIF-1a Genbank Acces-
sion Nos. NM_001530.3, NM_181054.2  and
NM_ 010431.2). In certain embodiments, the term “HIF-1a
is also meant to include other HIF-1a encoding sequence,
such as other HIF-1a isoforms, mutant HIF-1a genes, splice
variants of HIF-1a genes, and HIF-1a gene polymorphisms.
The term “HIF-1c” is also used to refer to the polypeptide
gene product of a HIF-1a gene/transript, e.g., a HIF-1a pro-
tein, peptide, or polypeptide, such as those encoded by HIF-
lo.Genbank Accession Nos. NM__001530.3,NM__181054.2
and NM__010431.2.

As used herein, a “HIF-1a-associated disease or disorder”
refers to a disease or disorder known in the art to be associated
with altered HIF-1a expression, level and/or activity. Nota-
bly, a “HIF-1a-associated disease or disorder” includes can-
cer and/or proliferative diseases, conditions, or disorders, as
well as age-related macular degeneration (AMD). Exemplary
“HIF-1a-associated disease or disorders” include bladder,
brain, breast, cervical (uterine), colorectal, endometrial (uter-
ine), esophageal, head and neck, liver, lung (NSCLC),
oropharyngeal, ovarian, pancreatic, renal, skin (melanoma)
and stomach (GIST) cancers.

By “proliferative disease” or “cancer” as used herein is
meant, a disease, condition, trait, genotype or phenotype
characterized by unregulated cell growth or replication as is
known in the art; including leukemias, for example, acute
myelogenous leukemia (AML), chronic myelogenous leuke-
mia (CML), acute lymphocytic leukemia (ALL), and chronic
lymphocytic leukemia, AIDS related cancers such as Kapo-
si’s sarcoma; breast cancers; bone cancers such as Osteosar-
coma, Chondrosarcomas, Ewing’s sarcoma, Fibrosarcomas,
Giant cell tumors, Adamantinomas, and Chordomas; Brain
cancers such as Meningiomas, Glioblastomas, Lower-Grade
Astrocytomas, Oligodendrocytomas, Pituitary Tumors,
Schwannomas, and Metastatic brain cancers; cancers of the
head and neck including various lymphomas such as mantle
cell lymphoma, non-Hodgkins lymphoma, adenoma, squa-
mous cell carcinoma, laryngeal carcinoma, gallbladder and
bile duct cancers, cancers of the retina such as retinoblas-
toma, cancers of the esophagus, gastric cancers, multiple
myeloma, ovarian cancer, uterine cancer, thyroid cancer, tes-
ticular cancer, endometrial cancer, melanoma, colorectal can-
cer, lung cancer, bladder cancer, prostate cancer, lung cancer
(including non-small cell lung carcinoma), pancreatic cancer,
sarcomas, Wilms’ tumor, cervical cancer, head and neck can-
cer, skin cancers, nasopharyngeal carcinoma, liposarcoma,
epithelial carcinoma, renal cell carcinoma, gallbladder adeno
carcinoma, parotid adenocarcinoma, endometrial sarcoma,
multidrug resistant cancers; and proliferative diseases and
conditions, such as neovascularization associated with tumor
angiogenesis, macular degeneration (e.g., wet/dry AMD),
corneal neovascularization, diabetic retinopathy, neovascular
glaucoma, myopic degeneration and other proliferative dis-
eases and conditions such as restenosis and polycystic kidney
disease, and other cancer or proliferative disease, condition,
trait, genotype or phenotype that can respond to the modula-
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tion of disease related gene expressionin a cell or tissue, alone
or in combination with other therapies.

In certain embodiments, dsSRNA-mediated inhibition of a
HIF-1a target sequence is assessed. In such embodiments,
HIF-1a RNA levels can be assessed by art-recognized meth-
ods (e.g., RT-PCR, Northern blot, expression array, etc.),
optionally via comparison of HIF-1a levels in the presence of
an anti-HIF-lo. dsRNA of the invention relative to the
absence of such an anti-HIF-1a. dsRNA. In certain embodi-
ments, HIF-1a levels in the presence of an anti-HIF-1a
dsRNA are compared to those observed in the presence of
vehicle alone, in the presence of a dsRNA directed against an
unrelated target RNA, or in the absence of any treatment.

It is also recognized that levels of HIF-1a protein can be
assessed and that HIF-1a protein levels are, under different
conditions, either directly or indirectly related to HIF-la
RNA levels and/or the extent to which a dsRNA inhibits
HIF-1a expression, thus art-recognized methods of assessing
HIF-1a protein levels (e.g., Western blot, immunoprecipita-
tion, other antibody-based methods, etc.) can also be
employed to examine the inhibitory effect of a dsSRNA of the
invention.

An anti-HIF-1a. dsRNA of the invention is deemed to
possess “HIF-1c inhibitory activity” if a statistically signifi-
cant reduction in HIF-1ao RNA (or when the HIF-1a protein
is assessed, HIF-1a protein levels) is seen when an anti-HIF-
1o dsRNA of the invention is administered to a system (e.g.,
cell-free in vitro system), cell, tissue or organism, as com-
pared to a selected control. The distribution of experimental
values and the number of replicate assays performed will tend
to dictate the parameters of what levels of reduction in HIF-
lae RNA (either as a % or in absolute terms) is deemed
statistically significant (as assessed by standard methods of
determining statistical significance known in the art). How-
ever, in certain embodiments, “HIF-1a inhibitory activity” is
defined based upon a % or absolute level of reduction in the
level of HIF-1a in a system, cell, tissue or organism. For
example, in certain embodiments, a dsSRNA ofthe invention is
deemed to possess HIF-1a inhibitory activity if at least a 5%
reduction or at least a 10% reduction in HIF-1a RNA is
observed in the presence of a dsRNA of the invention relative
to HIF-1c levels seen for a suitable control. (For example, in
vivo HIF-1a levels in a tissue and/or subject can, in certain
embodiments, be deemed to be inhibited by a dsSRNA agent of
the invention if, e.g., a 5% or 10% reduction in HIF-1c. levels
is observed relative to a control). In certain other embodi-
ments, adsRNA of the invention is deemed to possess HIF-1a
inhibitory activity if HIF-1a. RNA levels are observed to be
reduced by at least 15% relative to a selected control, by at
least 20% relative to a selected control, by at least 25%
relative to a selected control, by at least 30% relative to a
selected control, by at least 35% relative to a selected control,
by at least 40% relative to a selected control, by at least 45%
relative to a selected control, by at least 50% relative to a
selected control, by at least 55% relative to a selected control,
by at least 60% relative to a selected control, by at least 65%
relative to a selected control, by at least 70% relative to a
selected control, by at least 75% relative to a selected control,
by at least 80% relative to a selected control, by at least 85%
relative to a selected control, by at least 90% relative to a
selected control, by at least 95% relative to a selected control,
by at least 96% relative to a selected control, by at least 97%
relative to a selected control, by at least 98% relative to a
selected control or by at least 99% relative to a selected
control. In some embodiments, complete inhibition of HIF-
lais required for a dsRNA to be deemed to possess HIF-1a
inhibitory activity. In certain models (e.g., cell culture), a
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dsRNA is deemed to possess HIF-1a inhibitory activity if at
least a 50% reduction in HIF-1a levels is observed relative to
a suitable control. In certain other embodiments, a dsSRNA is
deemed to possess HIF-1a inhibitory activity if at least an
80% reduction in HIF-1a levels is observed relative to a
suitable control.

By way of specific example, in Example 2 below, a series of
DsiRNAs targeting HIF-1a were tested for the ability to
reduce HIF-1oe mRNA levels in human Hel.a or mouse Hepa
1-6 cells in vitro, at 1 nM concentrations in the environment
of such cells and in the presence of a transfection agent
(Lipofectamine™ RNAIMAX, Invitrogen). Within Example
2 below, HIF-1ca inhibitory activity was ascribed to those
DsiRNAs that were observed to effect at least a 70% reduc-
tion of HIF-1ae mRNA levels under the assayed conditions. It
is contemplated that HIF-1c inhibitory activity could also be
attributed to a dsRNA under either more or less stringent
conditions than those employed for Example 2 below, even
when the same or a similar assay and conditions are
employed. For example, in certain embodiments, a tested
dsRNA of'the invention is deemed to possess HIF-1cat inhibi-
tory activity if at least a 10% reduction, at least a 20% reduc-
tion, at least a 30% reduction, at least a 40% reduction, at least
a 50% reduction, at least a 60% reduction, at least a 75%
reduction, at least an 80% reduction, at least an 85% reduc-
tion, at least a 90% reduction, or at least a 95% reduction in
HIF-1o mRNA levels is observed in a mammalian cell line in
vitro at 1 nM dsRNA concentration or lower in the environ-
ment of a cell, relative to a suitable control.

Use of other endpoints for determination of whether a
double stranded RNA of the invention possesses HIF-1a
inhibitory activity is also contemplated. Specifically, in one
embodiment, in addition to or as an alternative to assessing
HIF-1a. mRNA levels, the ability of a tested dsRNA to reduce
HIF-1a protein levels (e.g., at 48 hours after contacting a
mammalian cell in vitro or in vivo) is assessed, and a tested
dsRNA is deemed to possess HIF-1a inhibitory activity if at
least a 10% reduction, at least a 20% reduction, at least a 30%
reduction, at least a 40% reduction, at least a 50% reduction,
at least a 60% reduction, at least a 70% reduction, at least a
75% reduction, at least an 80% reduction, at least an 85%
reduction, at least a 90% reduction, or at least a 95% reduction
in HIF-1a protein levels is observed in a mammalian cell
contacted with the assayed double stranded RNA in vitro orin
vivo, relative to a suitable control. Additional endpoints con-
templated include, e.g., assessment of a phenotype associated
with reduction of HIF-1a levels—e.g., reduction of growth of
a contacted mammalian cell line in vitro and/or reduction of
growth of a tumor in vivo, including, e.g., halting or reducing
the growth of tumor or cancer cell levels as described in
greater detail elsewhere herein.

HIF-1co inhibitory activity can also be evaluated over time
(duration) and over concentration ranges (potency), with
assessment of what constitutes a dsRNA possessing HIF-1a
inhibitory activity adjusted in accordance with concentra-
tions administered and duration of time following adminis-
tration. Thus, in certain embodiments, a dsSRNA of the inven-
tion is deemed to possess HIF-1a inhibitory activity if at least
a 50% reduction in HIF-1a activity is observed/persists at a
duration of time of 2 hours, 5 hours, 10 hours, 1 day, 2 days,
3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days
or more after administration of the dsRNA to a cell or organ-
ism. In additional embodiments, a dSRNA of the invention is
deemed to be a potent HIF-1a inhibitory agent if HIF-1a
inihibitory activity (e.g., in certain embodiments, at least 50%
inhibition of HIF-1a) is observed at a concentration of 1 nM
or less, 500 pM or less, 200 pM or less, 100 pM or less, 50 pM
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orless, 20 pM or less, 10 pM orless, 5 pM or less, 2 pM or less
oreven 1 pM or less in the environment of a cell, for example,
within an in vitro assay for HIF-1a inihibitory activity as
described herein. In certain embodiments, a potent HIF-1a
inhibitory dsRNA of the invention is defined as one that is
capable of HIF-la inihibitory activity (e.g., in certain
embodiments, at least 20% reduction of HIF-1a levels) at a
formulated concentration of 10 mg/kg or less when adminis-
tered to a subject in an effective delivery vehicle (e.g., an
effective lipid nanoparticle formulation). Preferably, a potent
HIF-1a inhibitory dsRNA of the invention is defined as one
that is capable of HIF-1a inihibitory activity (e.g., in certain
embodiments, at least 50% reduction of HIF-1a levels) at a
formulated concentration of 5 mg/kg or less when adminis-
tered to a subject in an effective delivery vehicle. More pref-
erably, a potent HIF-1c inhibitory dsRNA of the invention is
defined as one that is capable of HIF-1a inihibitory activity
(e.g., in certain embodiments, at least 50% reduction of HIF-
la levels) at a formulated concentration of 5 mg/kg or less
when administered to a subject in an effective delivery
vehicle. Optionally, a potent HIF-1c inhibitory dsRNA of the
invention is defined as one that is capable of HIF-1a inihibi-
tory activity (e.g., in certain embodiments, at least 50%
reduction of HIF-1a levels) at a formulated concentration of
2 mg/kg or less, or even 1 mg/kg or less, when administered
to a subject in an effective delivery vehicle.

In certain embodiments, potency of a dsRNA of the inven-
tion is determined in reference to the number of copies of a
dsRNA present in the cytoplasm of a target cell that are
required to achieve a certain level of target gene knockdown.
For example, in certain embodiments, a potent dsRNA is one
capable of causing 50% or greater knockdown of a target
mRNA when present in the cytoplasm of a target cell at a copy
number of 1000 or fewer RISC-loaded antisense strands per
cell. More preferably, a potent dsRNA is one capable of
producing 50% or greater knockdown of a target mRNA
when present in the cytoplasm of a target cell at a copy
number of 500 or fewer RISC-loaded antisense strands per
cell. Optionally, a potent dsRNA is one capable of producing
50% or greater knockdown of a target mRNA when present in
the cytoplasm of atarget cell at a copy number o 300 or fewer
RISC-loaded antisense strands per cell.

In further embodiments, the potency of a DsiRNA of the
invention can be defined in reference to a 19 to 23mer dsRNA
directed to the same target sequence within the same target
gene. For example, a DsiRNA of the invention that possesses
enhanced potency relative to a corresponding 19 to 23mer
dsRNA can be a DsiRNA that reduces a target gene by an
additional 5% or more, an additional 10% or more, an addi-
tional 20% or more, an additional 30% or more, an additional
40% or more, or an additional 50% or more as compared to a
corresponding 19 to 23mer dsRNA, when assayed in an in
vitro assay as described herein at a sufficiently low concen-
tration to allow for detection of a potency difference (e.g.,
transfection concentrations at or below 1 nM in the environ-
ment of acell, at or below 100 pM in the environment ofa cell,
at or below 10 pM in the environment of a cell, at or below 1
nM in the environment of a cell, in an in vitro assay as
described herein; notably, it is recognized that potency dif-
ferences can be best detected via performance of such assays
across a range of concentrations—e.g., 0.1 pM to 10 nM—for
purpose of generating a dose-response curve and identifying
an IC50 value associated with a DsiRNA/dsRNA).

HIF-1a inhibitory levels and/or HIF-1c levels may also be
assessed indirectly, e.g., measurement of a reduction of the
size, number and/or rate of growth or spread of polyps or
tumors in a subject may be used to assess HIF-1a levels
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and/or HIF-1a inhibitory efficacy of a double-stranded
nucleic acid of the instant invention.

In certain embodiments, the phrase “consists essentially
of” is used in reference to the anti-HIF-1a. dsRNAs of the
invention. In some such embodiments, “consists essentially
of” refers to a composition that comprises a dsRNA of the
invention which possesses at least a certain level of HIF-1a
inhibitory activity (e.g., at least 50% HIF-1a inhibitory activ-
ity) and that also comprises one or more additional compo-
nents and/or modifications that do not significantly impact the
HIF-1a inhibitory activity of the dsRNA. For example, in
certain embodiments, a composition “consists essentially of”
a dsRNA of the invention where modifications of the dsRNA
of'the invention and/or dsRNA-associated components of the
composition do not alter the HIF-1a inhibitory activity (op-
tionally including potency or duration of HIF-1a inhibitory
activity) by greater than 3%, greater than 5%, greater than
10%, greater than 15%, greater than 20%, greater than 25%,
greater than 30%, greater than 35%, greater than 40%, greater
than 45%, or greater than 50% relative to the dsRNA of the
invention in isolation. In certain embodiments, a composition
is deemed to consist essentially of a dsSRNA of the invention
even if more dramatic reduction of HIF-1a inhibitory activity
(e.g., 80% reduction, 90% reduction, etc. in efficacy, duration
and/or potency) occurs in the presence of additional compo-
nents or modifications, yet where HIF-1a inhibitory activity
is not significantly elevated (e.g., observed levels of HIF-1a
inhibitory activity are within 10% those observed for the
isolated dsRNA of the invention) in the presence of additional
components and/or modifications.

As used herein, the term “nucleic acid” refers to deoxyri-
bonucleotides, ribonucleotides, or modified nucleotides, and
polymers thereof in single- or double-stranded form. The
term encompasses nucleic acids containing known nucleotide
analogs or modified backbone residues or linkages, which are
synthetic, naturally occurring, and non-naturally occurring,
which have similar binding properties as the reference nucleic
acid, and which are metabolized in a manner similar to the
reference nucleotides. Examples of such analogs include,
without limitation, phosphorothioates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, 2-O-me-
thyl ribonucleotides, peptide-nucleic acids (PNAs) and
unlocked nucleic acids (UNAs; see, e.g., Jensen et al. Nucleic
Acids Symposium Series 52: 133-4), and derivatives thereof.

As used herein, “nucleotide” is used as recognized in the
art to include those with natural bases (standard), and modi-
fied bases well known in the art. Such bases are generally
located at the 1' position of a nucleotide sugar moiety. Nucle-
otides generally comprise a base, sugar and a phosphate
group. The nucleotides can be unmodified or modified at the
sugar, phosphate and/or base moiety, (also referred to inter-
changeably as nucleotide analogs, modified nucleotides, non-
natural nucleotides, non-standard nucleotides and other; see,
e.g., Usman and McSwiggen, supra; Eckstein, et al., Interna-
tional PCT Publication No. WO 92/07065; Usman et al, Inter-
national PCT Publication No. WO 93/15187; Uhlman & Pey-
man, supra, all are hereby incorporated by reference herein).
There are several examples of modified nucleic acid bases
known in the art as summarized by Limbach, et al, Nucleic
Acids Res. 22:2183, 1994. Some of the non-limiting examples
of'base modifications that can be introduced into nucleic acid
molecules include, hypoxanthine, purine, pyridin-4-one,
pyridin-2-one, phenyl, pseudouracil, 2,4,6-trimethoxy ben-
zene, 3-methyl uracil, dihydrouridine, naphthyl, aminophe-
nyl, S-alkylcytidines (e.g., S-methylcytidine), 5-alkyluridines
(e.g., ribothymidine), S-halouridine (e.g., S-bromouridine) or
6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluri-
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dine), propyne, and others (Burgin, et al., Biochemistry
35:14090, 1996; Uhlman & Peyman, supra). By “modified
bases” in this aspect is meant nucleotide bases other than
adenine, guanine, cytosine and uracil at 1' position or their
equivalents.

As used herein, “modified nucleotide” refers to a nucle-
otide that has one or more modifications to the nucleoside, the
nucleobase, pentose ring, or phosphate group. For example,
modified nucleotides exclude ribonucleotides containing
adenosine monophosphate, guanosine monophosphate, uri-
dine monophosphate, and cytidine monophosphate and deox-
yribonucleotides containing deoxyadenosine monophos-
phate, deoxyguanosine monophosphate, deoxythymidine
monophosphate, and deoxycytidine monophosphate. Modi-
fications include those naturally occurring that result from
modification by enzymes that modify nucleotides, such as
methyltransferases. Modified nucleotides also include syn-
thetic or non-naturally occurring nucleotides. Synthetic or
non-naturally occurring modifications in nucleotides include
those with 2' modifications, e.g., 2'-methoxyethoxy, 2'-fluoro,
2'-allyl, 2'-0-[2-(methylamino)-2-oxoethyl], 4'-thio,
4'-CH,—O-2'-bridge, 4'-(CH,),—0O-2'-bridge, 2'-LNA or
other bicyclic or “bridged” nucleoside analog, and 2'-O—(N-
methylcarbamate) or those comprising base analogs. In con-
nection with 2'-modified nucleotides as described for the
present disclosure, by “amino” is meant 2'—NH, or 2'-O—
NH,, which can be modified or unmodified. Such modified
groups are described, e.g., in Eckstein et al., U.S. Pat. No.
5,672,695 and Matulic-Adamic et al., U.S. Pat. No. 6,248,
878. “Modified nucleotides” of the instant invention can also
include nucleotide analogs as described above.

In reference to the nucleic acid molecules of the present
disclosure, modifications may exist upon these agents in pat-
terns on one or both strands of the double stranded ribonucleic
acid (dsRNA). As used herein, “alternating positions™ refers
to a pattern where every other nucleotide is a modified nucle-
otide or there is an unmodified nucleotide (e.g., an unmodi-
fied ribonucleotide) between every modified nucleotide over
a defined length of a strand of the dsRNA (e.g., 5'-MNM-
NMN-3"; 3'-MNMNMN-5"; where M is a modified nucleotide
and N is an unmodified nucleotide). The modification pattern
starts from the first nucleotide position at either the 5' or 3'
terminus according to a position numbering convention, e.g.,
as described herein (in certain embodiments, position 1 is
designated in reference to the terminal residue of a strand
following a projected Dicer cleavage event of a DsiRNA
agent of the invention; thus, position 1 does not always con-
stitute a 3' terminal or 5' terminal residue of a pre-processed
agent of the invention). The pattern of modified nucleotides at
alternating positions may run the full length of the strand, but
in certain embodiments includes at least 4, 6, 8, 10, 12, 14
nucleotides containing at least 2, 3, 4, 5, 6 or 7 modified
nucleotides, respectively. As used herein, “alternating pairs of
positions” refers to a pattern where two consecutive modified
nucleotides are separated by two consecutive unmodified
nucleotides over a defined length of a strand of the dsRNA
(e.g., S-MMNNMMNNMMNN-3"; 3-MMNNMMNNM-
MNN-5"; where M is a modified nucleotide and N is an
unmodified nucleotide). The modification pattern starts from
the first nucleotide position at either the 5' or 3' terminus
according to a position numbering convention such as those
described herein. The pattern of modified nucleotides at alter-
nating positions may run the full length of the strand, but
preferably includes at least 8, 12, 16, 20, 24, 28 nucleotides
containing at least 4, 6, 8, 10, 12 or 14 modified nucleotides,
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respectively. It is emphasized that the above modification
patterns are exemplary and are not intended as limitations on
the scope of the invention.

As used herein, “base analog” refers to a heterocyclic moi-
ety which is located at the 1' position of a nucleotide sugar
moiety in a modified nucleotide that can be incorporated into
a nucleic acid duplex (or the equivalent position in a nucle-
otide sugar moiety substitution that can be incorporated into
anucleic acid duplex). In the dsRNAs of the invention, a base
analog is generally either a purine or pyrimidine base exclud-
ing the common bases guanine (G), cytosine (C), adenine (A),
thymine (T), and uracil (U). Base analogs can duplex with
other bases or base analogs in dsRNAs. Base analogs include
those useful in the compounds and methods of the invention,
e.g., those disclosed in U.S. Pat. Nos. 5,432,272 and 6,001,
983 to Benner and US Patent Publication No. 20080213891
to Manoharan, which are herein incorporated by reference.
Non-limiting examples of bases include hypoxanthine (I),
xanthine (X), 3p-D-ribofuranosyl-(2,6-diaminopyrimidine)
(K), 3-p-D-ribofuranosyl-(1-methyl-pyrazolo[4,3-d]pyrimi-
dine-5,7(4H,6H)-dione) (P), iso-cytosine (iso-C), iso-gua-
nine (is0-G), 1-f-D-ribofuranosyl-(5-nitroindole), 1-p-D-ri-
bofuranosyl-(3-nitropyrrole), 5-bromouracil,
2-aminopurine, 4-thio-dT, 7-(2-thienyl)-imidazo[4,5-b|pyri-
dine (Ds) and pyrrole-2-carbaldehyde (Pa), 2-amino-6-(2-
thienyl)purine (S), 2-oxopyridine (Y), difluorotolyl,
4-fluoro-6-methylbenzimidazole, 4-methylbenzimidazole,
3-methyl isocarbostyrilyl, 5-methyl isocarbostyrilyl, and
3-methyl-7-propynyl isocarbostyrilyl, 7-azaindolyl, 6-me-
thyl-7-azaindolyl, imidizopyridinyl, 9-methyl-imidizopy-
ridinyl, pyrrolopyrizinyl, isocarbostyrilyl, 7-propynyl isocar-
bostyrilyl, propynyl-7-azaindolyl, 2.4,5-trimethylphenyl,
4-methylindolyl, 4,6-dimethylindolyl, phenyl, napthalenyl,
anthracenyl, phenanthracenyl, pyrenyl, stilbenzyl, tetracenyl,
pentacenyl, and structural derivates thereof (Schweitzer et al.,
J. Org. Chem., 59:7238-7242 (1994); Berger et al., Nucleic
Acids Research, 28(15):2911-2914 (2000); Moran et al., J.
Am. Chem. Soc., 119:2056-2057 (1997); Morales et al., J.
Am. Chem. Soc., 121:2323-2324 (1999); Guckian et al., J.
Am. Chem. Soc., 118:8182-8183 (1996); Morales et al., J.
Am. Chem. Soc., 122(6):1001-1007 (2000); McMinn et al., J.
Am. Chem. Soc., 121:11585-11586 (1999); Guckian et al., J.
Org. Chem., 63:9652-9656 (1998); Moran et al., Proc. Natl.
Acad. Sci., 94:10506-10511 (1997); Das et al., J. Chem. Soc.,
Perkin Trans., 1:197-206 (2002); Shibata et al., J. Chem. Soc.,
Perkin Trans., 1: 1605-1611 (2001); Wu et al., J. Am. Chem.
Soc., 122(32):7621-7632 (2000); O’Neill et al.,, J. Org.
Chem., 67:5869-5875 (2002); Chaudhuri et al., J. Am. Chem.
Soc., 117:10434-10442 (1995); and U.S. Pat. No. 6,218,108).
Base analogs may also be a universal base.

As used herein, “universal base” refers to a heterocyclic
moiety located at the 1' position of a nucleotide sugar moiety
in a modified nucleotide, or the equivalent position in a nucle-
otide sugar moiety substitution, that, when present in a
nucleic acid duplex, can be positioned opposite more than one
type of base without altering the double helical structure (e.g.,
the structure of the phosphate backbone). Additionally, the
universal base does not destroy the ability of the single
stranded nucleic acid in which it resides to duplex to a target
nucleic acid. The ability of a single stranded nucleic acid
containing a universal base to duplex a target nucleic can be
assayed by methods apparent to one in the art (e.g., UV
absorbance, circular dichroism, gel shift, single stranded
nuclease sensitivity, etc.). Additionally, conditions under
which duplex formation is observed may be varied to deter-
mine duplex stability or formation, e.g., temperature, as melt-
ing temperature (Tm) correlates with the stability of nucleic
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acid duplexes. Compared to a reference single stranded
nucleic acid that is exactly complementary to a target nucleic
acid, the single stranded nucleic acid containing a universal
base forms a duplex with the target nucleic acid that has a
lower Tm than a duplex formed with the complementary
nucleic acid. However, compared to a reference single
stranded nucleic acid in which the universal base has been
replaced with a base to generate a single mismatch, the single
stranded nucleic acid containing the universal base forms a
duplex with the target nucleic acid that has a higher Tm than
a duplex formed with the nucleic acid having the mismatched
base.

Some universal bases are capable of base pairing by form-
ing hydrogen bonds between the universal base and all of the
bases guanine (G), cytosine (C), adenine (A), thymine (T),
and uracil (U) under base pair forming conditions. A universal
base is not a base that forms a base pair with only one single
complementary base. In a duplex, a universal base may form
no hydrogen bonds, one hydrogen bond, or more than one
hydrogen bond with each of G, C, A, T, and U opposite to it on
the opposite strand of a duplex. Preferably, the universal bases
does not interact with the base opposite to it on the opposite
strand of a duplex. In a duplex, base pairing between a uni-
versal base occurs without altering the double helical struc-
ture of the phosphate backbone. A universal base may also
interact with bases in adjacent nucleotides on the same
nucleic acid strand by stacking interactions. Such stacking
interactions stabilize the duplex, especially in situations
where the universal base does not form any hydrogen bonds
with the base positioned opposite to it on the opposite strand
of the duplex. Non-limiting examples of universal-binding
nucleotides include inosine, 1-p-D-ribofuranosyl-5-nitroin-
dole, and/or 1-p-D-ribofuranosyl-3-nitropyrrole (US Pat.
Appl. Publ. No. 20070254362 to Quay et al.; Van Aerschot et
al., An acyclic S-nitroindazole nucleoside analogue as
ambiguous nucleoside. Nucleic Acids Res. 1995 Nov. 11;
23(21):4363-70; Loakes et al., 3-Nitropyrrole and 5-nitroin-
dole as universal bases in primers for DNA sequencing and
PCR. Nucleic Acids Res. 1995 Jul. 11; 23(13):2361-6;
Loakes and Brown, 5-Nitroindole as an universal base ana-
logue. Nucleic Acids Res. 1994 Oct. 11; 22(20):4039-43).

As used herein, “loop” refers to a structure formed by a
single strand of a nucleic acid, in which complementary
regions that flank a particular single stranded nucleotide
region hybridize in a way that the single stranded nucleotide
region between the complementary regions is excluded from
duplex formation or Watson-Crick base pairing. A loop is a
single stranded nucleotide region of any length. Examples of
loops include the unpaired nucleotides present in such struc-
tures as hairpins, stem loops, or extended loops.

Asused herein, “extended loop” in the context of a dSRNA
refers to a single stranded loop and in addition 1, 2, 3,4, 5, 6
or up to 20 base pairs or duplexes flanking the loop. In an
extended loop, nucleotides that flank the loop on the 5' side
form a duplex with nucleotides that flank the loop on the 3'
side. An extended loop may form a hairpin or stem loop.

As used herein, “tetraloop” in the context of a dsRNA
refers to a loop (a single stranded region) consisting of four
nucleotides that forms a stable secondary structure that con-
tributes to the stability of an adjacent Watson-Crick hybrid-
ized nucleotides. Without being limited to theory, a tetraloop
may stabilize an adjacent Watson-Crick base pair by stacking
interactions. In addition, interactions among the four nucle-
otides in a tetraloop include but are not limited to non-Wat-
son-Crick base pairing, stacking interactions, hydrogen
bonding, and contact interactions (Cheong et al., Nature 1990
Aug. 16;346(6285):680-2; Heus and Pardi, Science 1991 Jul.
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12;253(5016):191-4). A tetraloop confers an increase in the
melting temperature (Tm) of an adjacent duplex that is higher
than expected from a simple model loop sequence consisting
of four random bases. For example, a tetraloop can confer a
melting temperature of at least 55° C. in 10 mM NaHPO, to
a hairpin comprising a duplex of atleast 2 base pairs in length.
A tetraloop may contain ribonucleotides, deoxyribonucle-
otides, modified nucleotides, and combinations thereof.
Examples of RNA tetraloops include the UNCG family of
tetraloops (e.g., UUCG), the GNRA family of tetraloops
(e.g., GAAA), and the CUUG tetraloop. (Woese et al., Proc
Natl Acad Sci USA. 1990 November; 87(21):8467-71; Antao
et al.,, Nucleic Acids Res. 1991 Nov. 11; 19(21):5901-5).
Examples of DNA tetraloops include the d(GNNA) family of
tetraloops (e.g., d(GTTA), the d(GNRA)) family of tetral-
oops, the d(GNAB) family of tetraloops, the d(CNNG) family
of tetraloops, the d(INCG) family of tetraloops (e.g.,
d(TTCG)). (Nakano et al. Biochemistry, 41 (48), 14281-
14292, 2002; SHINIJI et al. Nippon Kagakkai Koen Yokoshu
VOL. 78th; NO. 2; PAGE. 731 (2000)).

As used herein, the term “siRNA” refers to a double
stranded nucleic acid in which each strand comprises RNA,
RNA analog(s) or RNA and DNA. The siRNA comprises
between 19 and 23 nucleotides or comprises 21 nucleotides.
The siRNA typically has 2 bp overhangs on the 3' ends of each
strand such that the duplex region in the siRNA comprises
17-21 nucleotides, or 19 nucleotides. Typically, the antisense
strand of the siRNA is sufficiently complementary with the
target sequence of the HIF-1a gene/RNA.

An anti-HIF-1a DsiRNA of the instant invention possesses
strand lengths of at least 25 nucleotides. Accordingly, in
certain embodiments, an anti-HIF-1a DsiRNA contains one
oligonucleotide sequence, a first sequence, that is at least 25
nucleotides in length and no longer than 35 orup to 50 or more
nucleotides. This sequence of RNA can be between 26 and 35,
26 and 34, 26 and 33, 26 and 32, 26 and 31, 26 and 30, and 26
and 29 nucleotides in length. This sequence can be 27 or 28
nucleotides in length or 27 nucleotides in length. The second
sequence of the DsiRNA agent can be a sequence that anneals
to the first sequence under biological conditions, such as
within the cytoplasm of a eukaryotic cell. Generally, the
second oligonucleotide sequence will have at least 19
complementary base pairs with the first oligonucleotide
sequence, more typically the second oligonucleotide
sequence will have 21 or more complementary base pairs, or
25 or more complementary base pairs with the first oligo-
nucleotide sequence. In one embodiment, the second
sequence is the same length as the first sequence, and the
DsiRNA agent is blunt ended. In another embodiment, the
ends of the DsiRNA agent have one or more overhangs.

In certain embodiments, the first and second oligonucle-
otide sequences of the DsiRNA agent exist on separate oli-
gonucleotide strands that can be and typically are chemically
synthesized. In some embodiments, both strands are between
26 and 35 nucleotides in length. In other embodiments, both
strands are between 25 and 30 or 26 and 30 nucleotides in
length. In one embodiment, both strands are 27 nucleotides in
length, are completely complementary and have blunt ends.
In certain embodiments of the instant invention, the first and
second sequences of an anti-HIF-1a DsiRNA exist on sepa-
rate RNA oligonucleotides (strands). In one embodiment, one
or both oligonucleotide strands are capable of serving as a
substrate for Dicer. In other embodiments, at least one modi-
fication is present that promotes Dicer to bind to the double-
stranded RNA structure in an orientation that maximizes the
double-stranded RNA structure’s effectiveness in inhibiting
gene expression. In certain embodiments of the instant inven-



US 9,206,420 B2

19

tion, the anti-HIF-1aw DsiRNA agent is comprised of two
oligonucleotide strands of differing lengths, with the anti-
HIF-1a DsiRNA possessing a blunt end at the 3' terminus of
afirst strand (sense strand) and a 3' overhang at the 3' terminus
of a second strand (antisense strand). The DsiRNA can also
contain one or more deoxyribonucleic acid (DNA) base sub-
stitutions.

Suitable DsiRNA compositions that contain two separate
oligonucleotides can be chemically linked outside their
annealing region by chemical linking groups. Many suitable
chemical linking groups are known in the art and can be used.
Suitable groups will not block Dicer activity on the DsiRNA
and will not interfere with the directed destruction of the RNA
transcribed from the target gene. Alternatively, the two sepa-
rate oligonucleotides can be linked by a third oligonucleotide
such that a hairpin structure is produced upon annealing of the
two oligonucleotides making up the DsiRNA composition.
The hairpin structure will not block Dicer activity on the
DsiRNA and will not interfere with the directed destruction of
the target RNA.

As used herein, a dsRNA, e.g., DsiRNA or siRNA, having
a sequence “sufficiently complementary” to a target RNA or
c¢DNA sequence (e.g., HIF-1a. mRNA) means that the dsSRNA
has a sequence sufficient to trigger the destruction of the
target RNA (where a cDNA sequence is recited, the RNA
sequence corresponding to the recited cDNA sequence) by
the RNAimachinery (e.g., the RISC complex) or process. For
example, a dsRNA that is “sufficiently complementary” to a
target RNA or cDNA sequence to trigger the destruction of
the target RNA by the RNAi machinery or process can be
identified as a dsRNA that causes a detectable reduction in the
level of the target RNA in an appropriate assay of dsRNA
activity (e.g., an in vitro assay as described in Example 2
below), or, in further examples, a dsRNA that is sufficiently
complementary to a target RNA or cDNA sequence to trigger
the destruction of the target RNA by the RNAi machinery or
process can be identified as a dsRNA that produces at least a
5%, at least a 10%, at least a 15%, at least a 20%, at least a
25%, at least a 30%, at least a 35%, at least a 40%, at least a
45%, at least a 50%, at least a 55%, at least a 60%, at least a
65%, at least a 70%, at least a 75%, at least a 80%, at least a
85%, at least a 90%, at least a 95%, at least a 98% or at least
a 99% reduction in the level of the target RNA in an appro-
priate assay of dsRNA activity. In additional examples, a
dsRNA that is sufficiently complementary to a target RNA or
c¢DNA sequence to trigger the destruction of the target RNA
by the RNAi machinery or process can be identified based
upon assessment of the duration of a certain level of inhibi-
tory activity with respect to the target RNA or protein levels in
a cell or organism. For example, a dsRNA that is sufficiently
complementary to a target RNA or cDNA sequence to trigger
the destruction of the target RNA by the RNAi machinery or
process can be identified as a dsRNA capable of reducing
target mRNA levels by at least 20% at least 48 hours post-
administration of said dsRNA to a cell or organism. Prefer-
ably, a dsRNA that is sufficiently complementary to a target
RNA or ¢cDNA sequence to trigger the destruction of the
target RNA by the RNAimachinery or process is identified as
a dsRNA capable of reducing target mRNA levels by at least
40% at least 72 hours post-administration of said dsRNA to a
cell or organism, by at least 40% at least four, five or seven
days post-administration of said dsRNA to a cell or organism,
by at least 50% at least 48 hours post-administration of said
dsRNA to a cell or organism, by at least 50% at least 72 hours
post-administration of said dsRNA to a cell or organism, by at
least 50% at least four, five or seven days post-administration
of'said dsRNA to a cell or organism, by at least 80% at least
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48 hours post-administration of said dsRNA to a cell or organ-
ism, by at least 80% at least 72 hours post-administration of
said dsRNA to a cell or organism, or by at least 80% at least
four, five or seven days post-administration of said dsSRNA to
a cell or organism.

The dsRNA molecule can be designed such that every
residue of the antisense strand is complementary to a residue
in the target molecule. Alternatively, substitutions can be
made within the molecule to increase stability and/or enhance
processing activity of said molecule. Substitutions can be
made within the strand or can be made to residues at the ends
of the strand. In certain embodiments, substitutions and/or
modifications are made at specific residues within a DsiRNA
agent. Such substitutions and/or modifications can include,
e.g., deoxy-modifications at one or more residues of positions
1,2 and 3 when numbering from the 3' terminal position of the
sense strand of a DsiRNA agent; and introduction of 2'-O-
alkyl (e.g., 2'-O-methyl) modifications at the 3' terminal resi-
due of the antisense strand of DsiRNA agents, with such
modifications also being performed at overhang positions of
the 3' portion of the antisense strand and at alternating resi-
dues of the antisense strand of the DsiRNA that are included
within the region of a DsiRNA agent that is processed to form
an active siRNA agent. The preceding modifications are
offered as exemplary, and are not intended to be limiting in
any manner. Further consideration of the structure of pre-
ferred DsiRNA agents, including further description of the
modifications and substitutions that can be performed upon
the anti-HIF-1a DsiRNA agents of the instant invention, can
be found below.

Where a first sequence is referred to as “substantially
complementary” with respect to a second sequence herein,
the two sequences can be fully complementary, or they may
form one or more, but generally not more than 4, 3 or 2
mismatched base pairs upon hybridization, while retaining
the ability to hybridize under the conditions most relevant to
their ultimate application. However, where two oligonucle-
otides are designed to form, upon hybridization, one or more
single stranded overhangs, such overhangs shall not be
regarded as mismatches with regard to the determination of
complementarity. For example, a dsRNA comprising one
oligonucleotide 21 nucleotides in length and another oligo-
nucleotide 23 nucleotides in length, wherein the longer oli-
gonucleotide comprises a sequence of 21 nucleotides that is
fully complementary to the shorter oligonucleotide, may yet
be referred to as “fully complementary” for the purposes of
the invention.

The term “double-stranded RNA” or “dsRNA”, as used
herein, refers to a complex of ribonucleic acid molecules,
having a duplex structure comprising two anti-parallel and
substantially complementary, as defined above, nucleic acid
strands. The two strands forming the duplex structure may be
different portions of one larger RNA molecule, or they may be
separate RNA molecules. Where separate RNA molecules,
such dsRNA are often referred to as siRNA (“short interfering
RNA”) or DsiRNA (“Dicer substrate siRNAs”). Where the
two strands are part of one larger molecule, and therefore are
connected by an uninterrupted chain of nucleotides between
the 3'-end of one strand and the 5' end of the respective other
strand forming the duplex structure, the connecting RNA
chain is referred to as a “hairpin loop”, “short hairpin RNA”
or “shRNA”. Where the two strands are connected covalently
by means other than an uninterrupted chain of nucleotides
between the 3'-end of one strand and the 5' end of the respec-
tive other strand forming the duplex structure, the connecting
structure is referred to as a “linker”. The RNA strands may
have the same or a different number of nucleotides. The
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maximum number of base pairs is the number of nucleotides
in the shortest strand of the dsSRNA minus any overhangs that
are present in the duplex. In addition to the duplex structure,
a dsRNA may comprise one or more nucleotide overhangs. In
addition, as used herein, “dsRNA” may include chemical
modifications to ribonucleotides, internucleoside linkages,
end-groups, caps, and conjugated moieties, including sub-
stantial modifications at multiple nucleotides and including
all types of modifications disclosed herein or known in the art.
Any such modifications, as used in an siRNA- or DsiRNA-
type molecule, are encompassed by “dsRNA” for the pur-
poses of this specification and claims.

The phrase “duplex region™ refers to the region in two
complementary or substantially complementary oligonucle-
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include temperatures of atleast about 30° C., more preferably
of at least about 37° C., and most preferably of at least about
42° C. The hybridization temperature for hybrids anticipated
to be less than 50 base pairs in length should be 5-10° C. less
than the melting temperature (Tm) of the hybrid, where Tm is
determined according to the following equations. For hybrids
less than 18 base pairs in length, Tm(°® C.)=2(# of A+T
bases)+4(# of G+C bases). For hybrids between 18 and 49
base pairs in length, Tm(° C.)=81.5+16.6(log 10[Na+])+0.41
(% G+C)-(600/N), where N is the number of bases in the
hybrid, and [Na+] is the concentration of sodium ions in the
hybridization buffer ([Na+] for 1xSSC=0.165 M). For
example, a hybridization determination buffer is shown in
Table 1.

TABLE 1
final conc. Vender Cat# Lot# m.w./Stock To make 50 mL solution
NaCl 100 mM  Sigma S-5150 41K8934 M 1 mL
KcCl 80 mM  Sigma P-9541 70K0002 74.55 0.298 g
MgCl, 8mM  Sigma M-1028 120K 8933 1M 0.4 mL
sucrose 2% w/v  Fisher —BP220-212 907105 3423 lg
Tris-HCI 16 mM  Fisher BP1757-500 12419 1M 0.8 mL
NaH,PO, 1mM  Sigma S-3193 52H-029515 120.0 0.006 g
EDTA 0.02mM  Sigma E-7889 110K 89271 0.5M 2 uL
H,0 Sigma W-4502 51K2359 to 50 mL
pH=7.0at20°C. adjust with HCI

otides that form base pairs with one another, either by Wat-
son-Crick base pairing or other manner that allows for a
duplex between oligonucleotide strands that are complemen-
tary or substantially complementary. For example, an oligo-
nucleotide strand having 21 nucleotide units can base pair
with another oligonucleotide of 21 nucleotide units, yet only
19 bases on each strand are complementary or substantially
complementary, such that the “duplex region” consists of 19
base pairs. The remaining base pairs may, for example, exist
as 5' and 3' overhangs. Further, within the duplex region,
100% complementarity is not required; substantial comple-
mentarity is allowable within a duplex region. Substantial
complementarity refers to complementarity between the
strands such that they are capable of annealing under biologi-
cal conditions. Techniques to empirically determine if two
strands are capable of annealing under biological conditions
are well know in the art. Alternatively, two strands can be
synthesized and added together under biological conditions
to determine if they anneal to one another.

Single-stranded nucleic acids that base pair over a number
of bases are said to “hybridize.”” Hybridization is typically
determined under physiological or biologically relevant con-
ditions (e.g., intracellular: pH 7.2, 140 mM potassium ion;
extracellular pH 7.4, 145 mM sodium ion). Hybridization
conditions generally contain a monovalent cation and bio-
logically acceptable buffer and may or may not contain a
divalent cation, complex anions, e.g. gluconate from potas-
sium gluconate, uncharged species such as sucrose, and inert
polymers to reduce the activity of water in the sample, e.g.
PEG. Such conditions include conditions under which base
pairs can form.

Hybridization is measured by the temperature required to
dissociate single stranded nucleic acids forming a duplex, i.e.,
(the melting temperature; Tm). Hybridization conditions are
also conditions under which base pairs can form. Various
conditions of stringency can be used to determine hybridiza-
tion (see, e.g., Wahl, G. M. and S. L. Berger (1987) Methods
Enzymol. 152:399; Kimmel, A. R. (1987) Methods Enzymol.
152:507). Stringent temperature conditions will ordinarily
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Useful variations on hybridization conditions will be
readily apparent to those skilled in the art. Hybridization
techniques are well known to those skilled in the art and are
described, for example, in Benton and Davis (Science 196:
180, 1977); Grunstein and Hogness (Proc. Natl. Acad. Sci.,
USA 72:3961, 1975); Ausubel et al. (Current Protocols in
Molecular Biology, Wiley Interscience, New York, 2001);
Berger and Kimmel (Antisense to Molecular Cloning Tech-
niques, 1987, Academic Press, New York); and Sambrook et
al., Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, New York.

As used herein, “oligonucleotide strand” is a single
stranded nucleic acid molecule. An oligonucleotide may
comprise ribonucleotides, deoxyribonucleotides, modified
nucleotides (e.g., nucleotides with 2' modifications, synthetic
base analogs, etc.) or combinations thereof. Such modified
oligonucleotides can be preferred over native forms because
of properties such as, for example, enhanced cellular uptake
and increased stability in the presence of nucleases.

As used herein, the term “ribonucleotide” encompasses
natural and synthetic, unmodified and modified ribonucle-
otides. Modifications include changes to the sugar moiety, to
the base moiety and/or to the linkages between ribonucle-
otides in the oligonucleotide. As used herein, the term “ribo-
nucleotide” specifically excludes a deoxyribonucleotide,
which is a nucleotide possessing a single proton group at the
2' ribose ring position.

As used herein, the term “deoxyribonucleotide” encom-
passes natural and synthetic, unmodified and modified deox-
yribonucleotides. Modifications include changes to the sugar
moiety, to the base moiety and/or to the linkages between
deoxyribonucleotide in the oligonucleotide. As used herein,
the term “deoxyribonucleotide” also includes a modified
ribonucleotide that does not permit Dicer cleavage of a
dsRNA agent, e.g., a 2'-O-methyl ribonucleotide, a phospho-
rothioate-modified ribonucleotide residue, etc., that does not
permit Dicer cleavage to occur at a bond of such a residue.

As used herein, the term “PS-NA” refers to a phospho-
rothioate-modified nucleotide residue. The term “PS-NA”
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therefore encompasses both phosphorothioate-modified ribo-
nucleotides (“PS-RNAs”) and phosphorothioate-modified
deoxyribonucleotides (“PS-DNAs”).

As used herein, “Dicer” refers to an endoribonuclease in
the RNase III family that cleaves a dsRNA or dsRNA-con-
taining molecule, e.g., double-stranded RNA (dsRNA) or
pre-microRNA (miRNA), into double-stranded nucleic acid
fragments 19-25 nucleotides long, usually with a two-base
overhang on the 3' end. With respect to certain dsRNAs of the
invention (e.g., “DsiRNAs”), the duplex formed by a dsRNA
region of an agent of the invention is recognized by Dicer and
is a Dicer substrate on at least one strand of the duplex. Dicer
catalyzes the first step in the RNA interference pathway,
which consequently results in the degradation of a target
RNA. The protein sequence of human Dicer is provided at the
NCBI database under accession number NP_ 085124, hereby
incorporated by reference.

Dicer “cleavage” can be determined as follows (e.g., see
Collingwood et al., Oligonucleotides 18:187-200 (2008)). In
a Dicer cleavage assay, RNA duplexes (100 pmol) are incu-
bated in 20 uL. of 20 mM Tris pH 8.0, 200 mM NaCl, 2.5 mM
MgClI2 with or without 1 unit of recombinant human Dicer
(Stratagene, La Jolla, Calif.) at 37° C. for 18-24 hours.
Samples are desalted using a Performa SR 96-well plate
(Edge Biosystems, Gaithersburg, Md.). Electrospray-ioniza-
tion liquid chromatography mass spectroscopy (ESI-LCMS)
of duplex RNAs pre- and post-treatment with Dicer is done
using an Oligo HTCS system (Novatia, Princeton, N.J.; Hail
etal., 2004), which consists of a ThermoFinnigan TSQ7000,
Xcalibur data system, ProMass data processing software and
Paradigm MS4 HPLC (Michrom BioResources, Auburn,
Calif.). In this assay, Dicer cleavage occurs where at least 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or
even 100% of the Dicer substrate dsRNA, (i.e., 25-30 bp,
dsRNA, preferably 26-30 bp dsRNA) is cleaved to a shorter
dsRNA (e.g., 19-23 bp dsRNA, preferably, 21-23 bp dsRNA).

As used herein, “Dicer cleavage site” refers to the sites at
which Dicer cleaves a dsRNA (e.g., the dsRNA region of a
DsiRNA agent of the invention). Dicer contains two RNase
IIT domains which typically cleave both the sense and anti-
sense strands of a dsRNA. The average distance between the
RNase Il domains and the PAZ domain determines the length
of the short double-stranded nucleic acid fragments it pro-
duces and this distance can vary (Macrae et al. (2006) Science
311: 195-8). As shown in FIG. 1, Dicer is projected to cleave
certain double-stranded ribonucleic acids of the instant inven-
tion that possess an antisense strand having a 2 nucleotide 3'
overhang at a site between the 21* and 22"¢ nucleotides
removed from the 3' terminus of the antisense strand, and at a
corresponding site between the 21 and 22"¢ nucleotides
removed from the 5' terminus of the sense strand. The pro-
jected and/or prevalent Dicer cleavage site(s) for dsRNA
molecules distinct from those depicted in FIG. 1 may be
similarly identified via art-recognized methods, including
those described in Macrae et al. While the Dicer cleavage
events depicted in FIG. 1 generate 21 nucleotide siRNAs, it is
noted that Dicer cleavage of a dsRNA (e.g., DsiRNA) can
result in generation of Dicer-processed siRNA lengths of 19
to 23 nucleotides in length. Indeed, in certain embodiments, a
double-stranded DNA region may be included within a
dsRNA for purpose of directing prevalent Dicer excision of a
typically non-preferred 19mer or 20mer siRNA, rather than a
21mer.

Asused herein, “overhang” refers to unpaired nucleotides,
in the context of a duplex having one or more free ends at the
5' terminus or 3' terminus of a dsRNA. In certain embodi-
ments, the overhang is a 3' or 5' overhang on the antisense
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strand or sense strand. In some embodiments, the overhang is
a 3' overhang having a length of between one and six nucle-
otides, optionally one to five, one to four, one to three, one to
two, two to six, two to five, two to four, two to three, three to
six, three to five, three to four, four to six, four to five, five to
six nucleotides, or one, two, three, four, five or six nucle-
otides. “Blunt” or “blunt end” means that there are no
unpaired nucleotides at that end of the dsRNA, i.e., no nucle-
otide overhang. For clarity, chemical caps or non-nucleotide
chemical moieties conjugated to the 3' end or 5' end of an
siRNA are not considered in determining whether an siRNA
has an overhang or is blunt ended. In certain embodiments,
the invention provides a dsRNA molecule for inhibiting the
expression of the HIF-1a target gene in a cell or mammal,
wherein the dsRNA comprises an antisense strand compris-
ing a region of complementarity which is complementary to
at least a part of an mRNA formed in the expression of the
HIF-1a target gene, and wherein the region of complemen-
tarity is less than 35 nucleotides in length, optionally 19-24
nucleotides in length or 25-30 nucleotides in length, and
wherein the dsRNA, upon contact with a cell expressing the
HIF-1a target gene, inhibits the expression of the HIF-1a
target gene by at least 10%, 25%, or 40%.

A dsRNA ofthe invention comprises two RNA strands that
are sufficiently complementary to hybridize to form a duplex
structure. One strand of the dsRNA (the antisense strand)
comprises a region of complementarity that is substantially
complementary, and generally fully complementary, to a tar-
get sequence, derived from the sequence of an mRNA formed
during the expression of the HIF-1a target gene, the other
strand (the sense strand) comprises a region which is comple-
mentary to the antisense strand, such that the two strands
hybridize and form a duplex structure when combined under
suitable conditions. Generally, the duplex structure is
between 15 and 35, optionally between 25 and 30, between 26
and 30, between 18 and 25, between 19 and 24, or between 19
and 21 base pairs in length. Similarly, the region of comple-
mentarity to the target sequence is between 15 and 35, option-
ally between 18 and 30, between 25 and 30, between 19 and
24, or between 19 and 21 nucleotides in length. The dsRNA of
the invention may further comprise one or more single-
stranded nucleotide overhang(s). It has been identified that
dsRNAs comprising duplex structures of between 15 and 35
base pairs in length can be effective in inducing RNA inter-
ference, including DsiRNAs (generally of at least 25 base
pairs in length) and siRNAs (in certain embodiments, duplex
structures of siRNAs are between 20 and 23, and optionally,
specifically 21 base pairs (Elbashir et al., EMBO 20: 6877-
6888)). It has also been identified that dsSRNAs possessing
duplexes shorter than 20 base pairs can be effective as well
(e.g., 15, 16, 17, 18 or 19 base pair duplexes). In certain
embodiments, the dsSRNAs of the invention can comprise at
least one strand of a length of 19 nucleotides or more. In
certain embodiments, it can be reasonably expected that
shorter dsRNAs comprising a sequence complementary to
one of the sequences of Table 5, minus only a few nucleotides
onone or both ends may be similarly effective as compared to
the dsRNAs described above and in Tables 2-4 and 6-7.
Hence, dsRNAs comprising a partial sequence of at least 15,
16,17, 18,19, 20, or more contiguous nucleotides sufficiently
complementary to one of the sequences of Table 5, and dif-
fering in their ability to inhibit the expression of the HIF-1a
target gene in an assay as described herein by not more than 5,
10, 15, 20, 25, or 30% inhibition from a dsSRNA comprising
the full sequence, are contemplated by the invention. In one
embodiment, at least one end of the dsRNA has a single-
stranded nucleotide overhang of 1 to 5, optionally 1 to 4, in
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certain embodiments, 1 or 2 nucleotides. Certain dsRNA
structures having at least one nucleotide overhang possess
superior inhibitory properties as compared to counterparts
possessing base-paired blunt ends at both ends of the dsSRNA
molecule.

As used herein, the term “RNA processing” refers to pro-
cessing activities performed by components of the siRNA,
miRNA or RNase H pathways (e.g., Drosha, Dicer, Argo-
naute2 or other RISC endoribonucleases, and RNaseH),
which are described in greater detail below (see “RNA Pro-
cessing” section below). The term is explicitly distinguished
from the post-transcriptional processes of 5' capping of RNA
and degradation of RNA via non-RISC- or non-RNase H-me-
diated processes. Such “degradation” of an RNA can take
several forms, e.g. deadenylation (removal of a 3' poly(A)
tail), and/or nuclease digestion of part or all of the body of the
RNA by one or more of several endo- or exo-nucleases (e.g.,
RNase III, RNase P, RNase T1, RNase A (1, 2, 3, 4/5),
oligonucleotidase, etc.).

By “homologous sequence” is meant, a nucleotide
sequence that is shared by one or more polynucleotide
sequences, such as genes, gene transcripts and/or non-coding
polynucleotides. For example, a homologous sequence can
be a nucleotide sequence that is shared by two or more genes
encoding related but different proteins, such as different
members of a gene family, different protein epitopes, differ-
ent protein isoforms or completely divergent genes, such as a
cytokine and its corresponding receptors. A homologous
sequence can be a nucleotide sequence that is shared by two
or more non-coding polynucleotides, such as noncoding
DNA or RNA, regulatory sequences, introns, and sites of
transcriptional control or regulation. Homologous sequences
can also include conserved sequence regions shared by more
than one polynucleotide sequence. Homology does not need
to be perfect homology (e.g., 100%), as partially homologous
sequences are also contemplated by the instant invention
(e.g., 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%,
90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%,
80% etc.). Indeed, design and use of the dsRNA agents of the
instant invention contemplates the possibility of using such
dsRNA agents not only against target RNAs of HIF-1a pos-
sessing perfect complementarity with the presently described
dsRNA agents, but also against target HIF-1ae RNAs possess-
ing sequences that are, e.g., only 99%, 98%, 97%, 96%, 95%,
94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%,
84%, 83%, 82%, 81%, 80% etc. complementary to said
dsRNA agents. Similarly, it is contemplated that the presently
described dsRNA agents of the instant invention might be
readily altered by the skilled artisan to enhance the extent of
complementarity between said dsRNA agents and a target
HIF-1a RNA, e.g., of a specific allelic variant of HIF-1a
(e.g., an allele of enhanced therapeutic interest). Indeed,
dsRNA agent sequences with insertions, deletions, and single
point mutations relative to the target HIF-1a sequence can
also be effective for inhibition. Alternatively, dsRNA agent
sequences with nucleotide analog substitutions or insertions
can be effective for inhibition.

Sequence identity may be determined by sequence com-
parison and alignment algorithms known in the art. To deter-
mine the percent identity of two nucleic acid sequences (or of
two amino acid sequences), the sequences are aligned for
comparison purposes (e.g., gaps can be introduced in the first
sequence or second sequence for optimal alignment). The
nucleotides (or amino acid residues) at corresponding nucle-
otide (or amino acid) positions are then compared. When a
position in the first sequence is occupied by the same residue
as the corresponding position in the second sequence, then the
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molecules are identical at that position. The percent identity
between the two sequences is a function of the number of
identical positions shared by the sequences (i.e., % homol-
ogy=# of identical positions/total # of positionsx100),
optionally penalizing the score for the number of gaps intro-
duced and/or length of gaps introduced.

The comparison of sequences and determination of percent
identity between two sequences can be accomplished using a
mathematical algorithm. In one embodiment, the alignment
generated over a certain portion of the sequence aligned hav-
ing sufficient identity but not over portions having low degree
of'identity (i.e., a local alignment). A preferred, non-limiting
example of a local alignment algorithm utilized for the com-
parison of sequences is the algorithm of Karlin and Altschul
(1990) Proc. Natl. Acad. Sci. USA 87:2264-68, modified as in
Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-77. Such an algorithm is incorporated into the
BLAST programs (version 2.0) of Altschul, et al. (1990) J.
Mol. Biol. 215:403-10.

In another embodiment, a gapped alignment the alignment
is optimized is formed by introducing appropriate gaps, and
percent identity is determined over the length of the aligned
sequences (i.e., a gapped alignment). To obtain gapped align-
ments for comparison purposes, Gapped BLAST can be uti-
lized as described in Altschul et al., (1997) Nucleic Acids Res.
25(17):3389-3402. In another embodiment, a global align-
ment the alignment is optimized is formed by introducing
appropriate gaps, and percent identity is determined over the
entire length of the seque